Prior work has shown that computer-supported homework can lead to better results over traditional paper-and-pencil homework. This study about learning from homework involved the comparison of immediate-feedback with tutoring versus a control condition where students got feedback the next day in math class. After analyzing eighth grade students who participated in both conditions, it was found that they gained significantly more (effect size 0.40) with computer-supported homework. This result has practical significance as it suggests an effective improvement over the widely used paper-and-pencil homework. The main result is followed with a second set of studies to better understand this result: is it due to the timeliness of feedback or quality tutoring?
Introduction
The increasing popularity of computer assisted learning (CAL) applications in schools and colleges has led to the development of various web-based CAL tools that aim towards improving the quality of student learning. The scope of CAL systems has expanded from tools used in classrooms to web-based applications that are capable of supporting and guiding students through homework as well. Many preparatory tools for mathematics tutoring have been developed and tested. WebWork (www.webwork.rochester.edu), WebAssign (www.webassign.com) and Blackboard (www.blackboard.com) are web applications that are already popular across colleges in the US. The introduction of educational technology has also been increasing recently in K-12 grades. For instance, since 2002, the state of Maine has introduced a 1:1 laptop program for 7 th and 8 th grade students and their teachers. A study [1] on the impact of 1:1 computing programs has shown increased motivation and engagement in classrooms and better retention of content material based on reports from teachers.
The use of web-based homework by teachers is more feasible through programs such as Maine's program and through the increasing development in educational technology. Teachers may use web-based homework to supplement or replace conventional teaching methods such as paper-and-pencil homework. However, the increasing popularity of such technology brings into question the advantages in terms of effectiveness of web-based homework for students. Concerns are often raised about the cost-effectiveness of technology towards improving the standard of education.
Feedback on homework has been shown to have a large positive effect on student learning [2] . Most CAL systems used for homework attempt to improve the quality and timeliness of the feedback for homework. But, the effectiveness of computersupported homework is still largely debated. Thus, in order to determine how a computer-supported tutoring system may affect student performance on their homework, a study by Mendicino, Razzaq & Heffernan [3] analyzed the effectiveness of computersupported homework over traditional paper-and-pencil homework for K-12 students. Mendicino et al. reported an effect size of 0.61 in favor of computer-supported homework over paper-and-pencil homework. However, a study conducted using WebAssign [4] to deliver computer-supported homework for college level students showed no significant difference in the student performances.
In this study, we aim to improve the experimental design of Mendicino et al. [3] to further understand the effectiveness of web-based tutoring systems for delivering homework and improving student learning for K-12 students. We further analyze the characteristics of this tutoring mechanism to determine what factors contribute towards its effectiveness. The ASSISTment System was used for this study.
The ASSISTment System (www.assistments.org) is a web-based tutoring system, capable of offering instructions to students while providing detailed evaluations of their performance to teachers [5] . The system integrates assistance and assessment to efficiently tutor students in mathematics and is being used by middle and high school teachers throughout Massachusetts. Teachers may use the system as part of their coursework to assist students in learning while also obtaining detailed reports on individual students. Teachers may then identify difficulties students may be facing to tailor their instruction to be more effective. The system is free to use and supported by grants from the U.S. Department of Education and the National Science Foundation.
Experiments
Three experiments for investigating the effectiveness of web-based homework were conducted. In the first experiment (Experiment-1), we attempt to strengthen the claims made by Mendicino et al. [3] comparing computer-based homework with paper-and-pencil homework. This study compares learning gains for students in two conditions; Immediate Feedback with Tutoring (IFT: where students received homework with tutoring and immediate feedback on each problem) and Business as Usual (BAU: where student received no feedback). However, this study confounded the effects of Immediate Feedback and Tutoring. Experiment-2A & 2B were designed to understand the independent effect of Tutoring controlling for immediate feedback.
Experiment-1
Mendicino, et al. [3] compared web-based homework with paper-and-pencil homework. The students in the web-based homework condition used ASSISTments to complete their homework and so received immediate feedback through hints and scaffolding. The paper-and-pencil homework group completed their homework on paper and received feedback the next day in class. Hence, this study analyzed whether homework could be improved with immediate feedback with tutoring and found positive results in its favor.
However, as stated earlier Mendicino et al. [3] chose student classes as units of assignment for their conditions, but analyzed data at the student level. According to the What Works Clearinghouse [6] the unit of assignment should be the unit of analysis. Having classes as the unit of assignment and analyzing at the student level may lead to overestimation of the observed effects. Also a large Randomized Controlled Trial (RCT) number is recommended to evaluate educational software in reading and math. Mendicino, et al. had an RCT number of 4, as there were 4 different classes. Also, the use of the same test for pre-and post-tests may have created a test-retest effect and contributed to overestimation of learning rates.
In Experiment-1 we attempt to replicate this experiment by expanding the sample size and making some critical changes to the design and procedure. One major change in the experiment is the use of ASSISTments by both treatment and control groups to complete their homework. Instead of providing paper-and-pencil homework to the control group the students received Test Mode problems, and the treatment group received Tutoring Mode problems. Problems in Test Mode provide no feedback to the students and so were used as a replacement for paper-and-pencil homework. The unit of assignment was at the student level and not the class level and counter-balanced pre-and post-tests were used rather than using the same tests for both cases.
Experimental Design. The students in eight classes were randomly assigned based on their last names to the Immediate Feedback with Tutoring (IFT) condition or the Business as Usual (BAU) condition. After treatment, the conditions for the student groups were then switched. This provided a repeated measure for each participant. All students received two computer-based homework assignments as per their conditions. Before the homework, every student was given a pre-test and after completion of the homework a post-test was administered. In order to account for any test-retest effect two different test forms (Form-A1 & Form-B1) were randomly distributed to students for the first pretest. The students who received Form-A1 were provided with Form-B1 for the first post-test and vice versa. The same was done with test forms (Form-A2 & Form-B2) for the second round of pre-and post-tests when the second homework was assigned. These tests were paper-and-pencil based.
The pre-and post-test and homework assignments consisted of 10 problems each that were intended to be a Geometry and Number-Sense Review for the students. The assignment tested understanding of supplementary angles, properties of triangles, properties of quadrilaterals and parallel lines, transversals and the Pythagorean Theorem. The pre-and post-test consisted of problems that were very similar to problems from the homework assignment.
Procedure. Eight 8
th grade classrooms with computers and the students' home computers were the settings used for this study. The students were familiar with the ASSISTment system and had used it for math homework before. Two teachers instructed four classes each and the total number of students was 172.
On the first day of the experiment all students completed a pre-test in class. The students then were assigned homework to be done with ASSISTments. The IFT group received homework with immediate feedback in terms of correctness with tutoring, which consisted of 3-4 hints for solving the problem, and the BAU group received no feedback at all. The following day, the teachers reviewed selected problems from the homework in class. After the review, students completed a post-test. The next day, students completed another pre-test and were assigned a second homework where the treatment and control groups were switched to provide a repeated measure for each student. The teachers reviewed the homework on the following day. This review session was videotaped to analyze the quality of their feedback. The students completed the second post-test after the review. The data from the first and second round of preand post-tests were then analyzed as paired samples.
Results. The eight classes included in this study had a total of 172 students. For the first homework assignment, 22 students in the BAU condition and 15 students in the IFT condition did not complete the homework. For the second homework, 14 students in the BAU conditions and 23 students in the IFT condition did not complete the homework. After the first homework assignment was assigned, some students in the BAU condition might have received feedback after completing the assignment by visiting a report page on the ASSISTments website. Due to this fact, we excluded 30 students who received this form of immediate feedback when in the BAU group. For the second homework assignment, the report page was disabled so that students in the BAU condition could not receive immediate feedback or tutoring from the system. Excluding these students and those who were not present for all or part of the experiment, 68 students participated in the study.
Based on the gain scores for the students, overall learning was observed in both conditions. The mean gain for the students in the IFT condition was 2.4 (SD=1.81), whereas it was 1.63 (SD=1.93) for the BAU condition. Both gain scores were reliably different than zero, t(67)=10.9, p < 0.001 for IFT and t(67)=6.97, p < 0.001 for BAU. Furthermore, comparing the gain scores of the two different conditions showed a reliable difference, t(67) = 2.322, p = .023, with higher gain scores in the IFT condition than in the BAU condition. The effect size observed in the direction of IFT was 0.40 with the 95% confidence interval of (-0.03 -0.86).
The results suggest that students learned more from homework in the IFT condition as opposed to the BAU condition. Figures 1a and 1b show the distribution of gain scores for the students in the two conditions. From the graphs, it can be seen that the students in the IFT condition earned higher gain scores than those in the BAU condition and that our analysis is not sensitive to a few students.
However, certain factors such as the difference in the pre-and post-test forms and the quality of delayed feedback provided by the two different teachers may have had a significant impact on the results of student learning. We decided to dig deeper into the effect of these factors by doing additional analysis. We chose to focus on the second day of the experiment since the teacher reviews were videotaped then.
To test the effect of the different pre-and post-tests, a one-way ANOVA was performed with respect to Form as the independent variable. The test Forms that were assigned did not reliably predict post-test gains, F(1, 119) = 0.78, p = 0.38. We conclude that the test forms were balanced and excluded Forms from the analysis.
The next factor considered was the difference in homework reviews provided by the two teachers. Based on the video recordings of the homework reviews, there was a significant difference in the way they reviewed homework. Teacher B spent significantly more time reviewing more problems (mean = 19.8 minutes, 4.5 problems) than Teacher A (mean = 8 minutes, 3.5 problems). Teacher B also spent time reading the problems and answers to the students while Teacher A did not read the problems. We had no reason to believe that the quality of feedback provided by the two teachers was significantly different, but given the differences in the review methods we decided to test for the effect of teacher. Comparing gain scores of students of Teacher A and Teacher B showed that the average gain for students who had Teacher B (M = 2.44, SD = 1.76) was higher than the average gain for students of Teacher A (M = 1.92, SD = 2.03). This could be due to the amount of time spent by Teacher B on reviewing homework problems the next day in class. However, a one-way ANOVA with Teacher as a factor showed that the difference was not significantly reliable, F(1, 118) = 2.150, p = 0.145, based on Teacher. But it did seem reasonable to keep in the model as we know from the review sessions that the two teachers spent different amounts of time going over problems. We continue our analysis considering Teacher as a potential factor in the model.
The results of a two-way ANOVA with Teacher and Condition as factors showed Condition to be a reliable factor, F(1, 118)=8.27, p=0.005, and the Teacher by Condition was also significantly reliable, F(1, 118)=8.38, p=0.005, in predicting post-test gains. Also, while Teacher A's students in the IFT condition had higher mean scores they are not reliably higher than Teacher B's students in the IFT condition.
The difference in mean scores between the BAU and IFT conditions for Teacher B suggest that delayed but quality feedback from teachers can make BAU homework as effective as the IFT homework if they spend a lot of time going over the questions.
Discussion. The positive results obtained from this experiment certainly reinforced the observation that computer-supported homework can produce superior results to more traditional approaches. The observed effect was smaller than the effect size reported by Mendicino et al., which was 0.61. The analysis based on Teacher by Condition showed that teachers may be able to make delayed feedback as effective as immediate feedback with tutoring. However, to do this Teacher B spent significantly more time than Teacher A reviewing the homework in class. The marginal gains for the two teachers were not significantly different. This seems to suggest that an effective strategy would be to give computer-based homework with tutoring and utilize the homework review time more effectively, perhaps going over new material.
Given the positive gains for students in the IFT condition, it seemed reasonable to examine the effects of immediate feedback and tutoring separately. Thus Experiments 2A and 2B look at student gains with immediate feedback with and without tutoring.
Experiment-2A
This experiment was conducted to analyze the effects of tutoring over immediate feedback. The two conditions for this experiment were Tutoring and No Tutoring. In the No Tutoring condition no tutoring is provided and the students are only given feedback on the correctness of their answers and provided with the right answer if they answered incorrectly using Correctness Mode problems. In the Tutoring condition students could ask for up to 3-4 hints on solving the problem before being presented with the final answer. With this experiment we hoped to understand the size of the effect with respect to Tutoring while controlling for the timeliness of feedback.
Experimental Design. The students were assigned four homework assignments. The homework assignments were completed by the students using the ASSISTment system at home. The students were randomly placed into either the Tutoring condition or the No Tutoring condition by the system. The homework assignments were designed such that the first half of each of the four assignments could be treated as the pre-test and the second half would act as the post-test for the experiment.
The content for this experiment consisted of problems that required the use of the Pythagorean Theorem to find the lengths of sides of triangles or deduce the area of geometric figures. The problems were similar to problems from the Connected Mathematics Project -"Looking for Pythagoras" unit.
Procedure. The setting and participants were the same as Experiment-1. The students were familiar with Correctness and Tutoring Mode in ASSISTments. The homework was assigned as a review after students were done with their regular bookwork. The students were not told that the assignment included pre-and post-tests.
Results. There were 72 students who finished at least one out of the four homework assignments. Out of the 72 students, 32 students were placed in each condition at least once over the period of the four homework assignments. The gain score in a condition for each student was calculated to be the average gain score for homework assignments completed by the student in that condition. The average gain score for the Tutoring group was 1.0 (N = 32, SD = 1.16) and the average gain score for the No Tutoring group was 0.4 (N = 32, SD = 1.16). The analysis for comparing the gain scores in the two test conditions showed a reliably significant difference between the two conditions, t(31) = -2.178, p = 0.037, in favor of Tutoring with an effect size of 0.54. The 95% confidence interval of the observed effect size was (0.14 -0.95).
Discussion. The effect observed in the direction of Tutoring indicates that providing tutoring for students does significantly improve their learning. These results suggest that tutoring homework is more effective than immediate feedback alone. However, the effect size (0.54) is higher than that observed in Experiment-1 in favor of IFT over BAU. We expected the effect to be smaller when controlling for immediate feedback.
Experiment-2B
After observing a surprisingly large effect size in Experiment-2A, the purpose of Experiment 2B was to see if the result could be replicated.
Experimental Design. The students were randomly placed in the two experiment groups based on their last names. The structure of the homework assignment was similar to the ones used in Experiment-2A but contained more problems.
The problems assigned for this experiment dealt with exponential and linear growth rates. The problems were similar to problems from the Connected Mathematics -"Growing Growing Growing" unit and were used as a review.
Procedure. The procedure was the same as Experiment-2A.
Results. Out of the 172 students, 20 students did not start the homework assignment. Three students, two placed in Tutoring and one placed in No Tutoring started but did not complete the assignment. The remaining 149 students completed the assignment. We excluded students who received perfect scores on the pretest, which left us with 107 students for our analysis. Overall, the average gain score was 0.80 (SD = 1.48) and the overall scores were reliably different than zero, t(106) = 5.61, p < 0.001.
The average gain score for the Tutoring group was 1.16 (N=64, SD=1.26) and the average gain score for the No Tutoring group was 0.28 (N=43, SD=1.6). When comparing the gain scores in the two conditions a reliable difference in favor of Tutoring was observed, t(74.34)=2.97, p=0.004. The observed effect size was 0.54 with a 95% confidence interval of (0.22-1.01).
Discussion. Upon replication of Experiment-2A, we found that the size of the effect was comparable to that observed in Experiment-2A. This indicates that tutoring had a large impact on student gains and that it is more beneficial to have tutoring in addition to immediate feedback. Most math textbooks provide answers to selected problems that can serve as immediate feedback for homework, but students often do not get immediate tutoring. This suggests that learning can be significantly improved from computer-based homework by providing immediate feedback with tutoring.
Conclusions and Contributions
The experiments presented in this paper help strengthen the claims made by Mendicino et al. [3] , while improving the experiment design. The results suggest that spending proportionately more time in class going over homework can make learning equivalent to giving computer-based homework. Furthermore, the results show an advantage of tutoring when controlling for immediate feedback.
Strictly speaking, we did not look at the amount of learning in the IFT condition if the Teacher did not give a review the next day. It would be interesting to see if the IFT condition results stay as high as they do if the teacher did not go over the homework at all the next day. But, it seems that there is some value in going over the homework in class as seen by the strong gain scores for students in the BAU condition for Teacher B. We propose a future study that tests the value of homework review after receiving IFT. If the value of reviewing homework is small then a cost-benefit analysis should be considered to see if time is better used to introduce new content.
We did a survey of six curriculum supervisors from different towns and asked them "What is the appropriate amount of time for teachers to spend going over homework?" We got the following answers: 8-10, 10, 10, 10, 5-10 and 10-15 minutes. Based on these responses, we assume that 10 minutes is the right amount of time teachers should be spending on average going over homework. If we assume that students are spending 20 minutes doing their homework and their class period is effectively 40 minutes long, they have a total "math" time of 60 minutes combining homework and class. If students spend 20 minutes doing homework and 10 minutes reviewing homework in class, they are spending half of their "math" time on homework. This amount of time for review is probably significant for helping students learn, but also means that a better method can have an impact of practical significance. If we can improve homework by even half a standard deviation, it would be reasonable to see if we can improve student performance on state tests.
Our results reinforced the observation [3] that computer-supported homework is better for students compared to traditional homework approaches. It can be claimed that detailed scaffolding and hints can improve homework performance significantly. Systems such as ASSISTments can provide the necessary tools for improving homework by providing quality tutoring and immediate feedback and allowing teachers to identify areas in which students are struggling at an individual and class level, advantages that are much harder to achieve with traditional homework.
